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Fluid:

The science that deals with the behavior of fluids at rest (fluid statics) or in

motion (fluid dynamics) and the interaction of fluids with solids or other fluids
at the boundaries.
It is a substance which deforms continuously under the action of shearing forces,

however small they are. This deformation is permanent even if the force is

removed.
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* Difference between solid & fluid?
* Difference between liquid & gas?
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Units

B.S units C.GS S
Force Ibs dyne N
mass Ib gm Kg
distance ft cm m
time S S
S| units
M.L.,T.,0 Dimensions
Dim Sl unit
Mass M Kg
daulay) Cilas i Length L m
Time T S
temperature 0 K
Velocity L/T m/s
Aisall s ) acceleration L/T? m/s’
Force MLt? kg.m/s? =N
pressure ML T N/m*=Pa =kg/ms’
(work , energy , torque ) = N.m = Joule
— Nm _ J
Power = s - 5 - watt
Units Conversion
1ft=0.3049m
1lbs = 4.448 N & 1 N = 10° dyne
1 kw=1.36 HP
1kg=2.21b & 1 bar = 10° Pa

1kgs=9.81 N
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Dimensional Homogeneity

Example

A useful theoretical equation for computing the relation between pressure,
velocity, and altitude in a steady flow of a nearly inviscid, nearly incompressible
fluid with negligible heat transfer and shaft work is:

(a) Show that Eq. (1) satisfies the principle of dimensional homogeneity, which
states that all additive terms in a physical equation must have the same
dimensions. (b) Show that consistent units result without additional conversion
factors in Sl units.







Properties of fluids

* Density : it vol =M
Y : mass per unit volume p = —y

M

-5 for water p=1000 kg/m®

Dim.

* Specific weight : weight per unit volume

— weight - m*g —
v volume V; Pe
. 1
Dlm' I\-/II—ZL * Ld ’

* Specific volume : volume per unit mass

volume 1 3

Forwater v=0.001 m%Kkg

for water y =1000 * 9.8 _'r:r

Sp. Weight of fluid

* Specific gravity: SG =

Sp. Weight of water

Y _ Prd

Yw Pwd

For water SGy =1

Pf ) )
= — dimensionless

Pw

* Viscosity (u): The property which causes friction between fluid and boundary

or between fluid layers if they is velocity difference.

It's a property that represents the internal resistance of a fluid to motion or the

“fluidity”. The viscosity of a fluid is a

deformation.”
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measure of its “resistance to

L = viscosity
= Absolute viscosity
= Dynamic viscosity

= Coefficient of viscosity



I:viscous = F

du
I:viscous a Afriction d_y

du
I:vis = Const . Afriction d_y

— du
Fuis = K Afriction moving dy —

Newton's law of viscosity

u = coefficient of viscosity depends on type of fluid and its temperature

Fvis dy N.s

=— * = for water p =0.001 —-

H Afriction du or water p = 0.00 2
~0.01 dyne 2. S

cm

= 0.01 poise
Unitsof n= N * M -p g = 1 centi poise
H m? m/s a P

For a small thickness of fluid layer , velocity distribution car be assumed straight
du
line. — = 24Y

dy Ay
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as : T : shear stress

M 2 viscosity

. rate of shear strain
dy

F :viscous force



2- Moving Shaft
F = u A % /%/
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3- Rotating Shaft

/J/ E
> " d = HAY
=

o C e 27N
If N isgiven . 60

as N:rpm & o:rad/sec

ol

s
v

If rps CONVert e rad /sec

@ = 27(rps)

AD/V

4 - Sliding Disk /
A= 7 D? u
4 0




— r
R dA dr

\4

dA = 27 rdr & U= wr

dF = u(2r rdr)*“L
y

R
WU2T@ jrzdr
y

0

= 272'6()/,[ R3
3y

dT =r.dF

u 2z rdr or
y

T R
IdT _ 2 Ir3dr
0 y 0

=T

T = 2ruw R4
4y

*power = T*w
=F*r*o

=F*v



* Relation between viscosity and temperature for a certain fluid

Example
For the shown position of car lifting system

Calculate: the force required to overcome
friction when the piston moves at 2m/s l--o O —-|

take Hyj) =0.02 Pass

2m 3002 cm
20
20cm ch 30.00 cm

v &‘
30cm

[

30.02 cm

A
\ 4




=0.02* (ndL)*

.

- 0.0 *(”*30*20j* 2
100 100 (30.02—30)
200

N

= Newton

Example




The behavior of a fluid in laminar flow between two parallel plates when the
upper plate moves with a constant velocity.

then

Fluids for which the rate of deformation is proportional to the shear stress



* Kinematic viscosity (v ):
It is defined as the ratio of dynamic viscosity to density

kg.m.s m®
L = Mo Pa.S3 - X = (m?/s)
P kg/m s?m? kg

For water v =0.01cm?/s
= 0.01 stoke as stoke = cm?/s

= 1 centi stokes

* Newtonian & Non - Newtonian:

T — |:vis — d_u
- A T My

as T : Shear stress

du
—: rate of shear strain
dy

du
If T « E .. U =const. .". Itis a Newtonian fluid

u = const. — Newtonian fluid

uw ™ —— Non Newtonian




* Bulk modulus of elasticity (k)

It's the rate at which the pressure changes with volumetric strain (aAv /v)
_ —AP
T AVIV

Large value of k

means that big change of pressure Causes small

change of volume LEP LS
.". The fluid is incompressible o JuVv
K=o, *10° (P,) s ABle

Small value of k

means that small change of pressure causes a large change of volume

.". The fluid is compressible
K=o *10° (P,)

The quantity B = 1/k is called the compressibility of the fluid.

~ AP
AV IV

1/p=k=

Notice that the greater the value of the bulk modulus of elasticity (k), the

smaller the value of compressibility (B).

* Vapour pressure of liquids (Pyap):

It is the pressure at which a liquid start to boil at working temperature.
Boling temp increases by increasing pressure on liquid surface.

Boling temp decreases by decreasing pressure on liquid surface.

P 0.3 0.5 1 4 10 atm.

Bolingtemp | 40 70 100 120 180 °C

To avoid vapor formation Ppmin > Pyap




* Surface tension

e Surface tension is a property of liquids which is felt at the interface between
the liquid and another fluid (typically a gas).

e Surface tension has dimensions of force per unit length.

e Surface molecules are subject to an attractive force from nearby surface

molecules so that the surface is in a state of tension.

irs

(a) ()

e A molecule within the bulk liquid is surrounded on all sides by other
molecules, which attract it equally in all directions, leading to a zero net force.
¢ A molecule in the surface experiences a net attractive force pointing toward

the liquid interior, because there are no molecules of the liquid above the

surface.
Onr6 2*2nro
LanAP TCrZAP
_>
Half of droplet half of a soap bubble
2116 = wrl AP Anro = mwrl AP
27 rg 20 46
AP = 2 = AP = —

Tr r r



* Capillary effect

Capillary effect: The rise or fall of a liquid in a small-diameter tube inserted

into the liquid.

Capillaries: Such narrow tubes or confined flow channels.

The capillary effect is partially responsible for the rise of water to the top of tall
trees.
Note: y = Specific weight

Effect of capillary action in small tubes. (a) raise of column for a liquid that wet

the tube (b) Free-body diagram for calculating column height (c) Depression of
column for non-wetting liquid.

If adhesion of molecules to the solid surface is weak compared to the cohesion
between molecules, the liquid will not wet the surface and the level in a tube
placed in a non-wetting liquid will actually be depressed as shown in Fig. c.
Mercury is a good example of a non-wetting liquid when it is in contact with a

glass tube.




Example:




